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Cardiovascular Physiology 

Electrical Properties of the Heart  

Physiol-02A2/95B4 Draw a labelled diagram of a cardiac action potential highlighting the sequence 
of changes in ionic conductance. Explain the terms 'threshold', 'excitability', and 'irritability' with the 
aid of a diagram. 

 
1. Cardiac muscle contraction is electrically activated by an action potential, which is a wave of 

electrical discharge that travels along the cell membrane. Under normal circumstances, it is 
created by the SA node, and propagated to the cardiac myocytes through gap junctions 
(intercalated discs).  

 
 
2. Cardiac action potential: 

a. Phase 4 – resting membrane potential: 
i. Usually -90mV 

ii. Dependent mostly on potassium permeability, and gradient formed from Na-K 
ATPase pump 

b. Phase 0 - -90mV-+20mV 
i. Generated by the opening of fast Na channels  Na into cell  potential inside 

rises > 65mV (threshold potential)  positive feedback  further Na channel 
opening  action potential 

ii. Threshold potential also triggers opening Ca channels (L type) at -10mV 
iii. Reduced K permeability 

c. Phase 1 – starts + 20mV 
i. The positive AP causes rapid closure of fast Na channels  transient drop in 

potential 
d. Phase 2 – plateau  

i. Maximum permeability of Ca through L type channels 
ii. Rising K permeability 

iii. Maintenance of depolarisation 
e. Phase 3 – repolarisation 

i. Na, Ca and K conductance returns to normal 
ii. Ca. Na channels close, K channels open 

 
3. Threshold: the membrane potential at which an AP occurs  

a. Usually-65mV in the cardiac cell 
b. AP generated via positive feedback Na channel opening 

 
4. Excitability: the ease with which a myocardial cell can respond to a stimulus by depolarising. By 

definition, it is measured by the minimum size of stimulus required to produce an action 
potential. This is more easily measured (but indirectly) by the slope (and conduction velocity) of 
phase 0 AP as time proceeds during the RRP.  

a. Absolute refractory period – no excitability 
i. The period of an AP whereby an electrical stimulus cannot generate an action 

potential 
ii. Due to Na channels not being able to re-open until RMP < -55mV 

iii. Lasts 200ms (phase 0,1,2 and early phase 3) 
b. Relative refractory period: varying excitability 
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i. The period of an AP whereby a supramaximal stimulus will generate an AP 

ii. Due to only a portion of Na channels ready for re-opening 
iii. Lasts 50ms (phase 3) 
iv. During early RRP, the slope of phase 0 is lower and the peak less high. This 

increases (as does excitability) as time increases. 
 

5. Irritability: measured by the difference between the RMP and the threshold potential. As the 
difference decrease  irritability increases  easier for AP to be generated. 

a. Usually 25mV 
b. Smaller difference usually due to ↑RMP (↑K) 
c. ↑ irritability  ↑ probability of AP but ↓ slope and conduction velocity of phase 0 (as 

not all the Na channels are in the inactive state).  
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Determinants and Control of the Cardiac Output  

Physiol-09A13/1993 What is the Frank-Starling mechanism and describe its relationship to excitation 
contraction coupling.  

 
1. Excitation-contraction coupling describes the conversion of an electrical stimulus into a 

mechanical response. In the myocardium, and the action potential is the electrical stimulus 
which triggers contraction of the myocardium.  
 
The Frank-Starling mechanism states that the heart pumps all the blood that comes to it (venous 
return) within physiological limits. It describes the intrinsic ability of the heart to adapt to 
varying volumes of venous return. That is, there is a direct relationship between LVEDV and SV. 
 
 

2. Frank-Starling Mechanism – The Sliding filament theory 
a. The contractile apparatus of the myocardium depends on the cross-linking, and then 

sliding of actin over myosin filaments towards the centre of the sarcomere.  
b. The degree to which this occurs depends on the amount of overlap of actin and myosin. 

↑ Overlap  ↑ force of contraction.  
 
 

c. When ventricular muscle is stretched, the actin filaments separate and there is more 
room for overlap with myosin cross-bridges. Thus contraction is greater. This occurs until 
a point (The resting length – usually 2 µm). This is where maximal contraction occurs 

d. Beyond resting length, the actin filaments are pulled away further, the overlap with 
myosin cross-bridges is reduced, and so force of contraction is reduced (downslope of 
curve) 
 

3. Additional factors which effect excitation-contraction coupling 
a. Lengthening of muscle  ↑ sensitivity of troponin C to Ca binding  ↑ Free Ca release 

within the cell 
b. Atrial stretch positively influences ventricular contraction 
c. Autonomic factors: 

i. Sympathetic stimulation via β1 receptors (shifts curve left) 
1. ↑ Ca membrane channel opening (↑cAMP)  ↑ Ca-dependent Ca 

release from SR 
2. Phosphorylation of myosin  ↑ rate of cross-bridge formation 
3. Phosphorylate phospholamban  ↑ active re-uptake of Ca into SR 

 
4. Factors which affect RVEDV: 

RVEDV is defined as the volume of blood in the right ventricle at the end of diastole, and usually 
130mL in the normal adult heart. It is primarily affected by venous return: 

 

𝐕𝐑 =  
𝐌𝐀𝐏 − 𝐑𝐀𝐏

𝐓𝐏𝐑
 

 
The factors which effect RVEDV are: 

a. Muscle pump – contraction of skeletal muscles during activity (exercise)  venous 
compression  ↑ forward flow (valves) 

b. Thoracic pump – deep breathing  ↑ neg intrathoracic pressure  ↓ RAP  ↑ 
venous return 
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c. Right atrial contraction  ↑ volume of blood deposited in RV  ↑ venous return 
d. Venous tone  venoconstriction  ↑ MSP  ↑ venous return 
e. Blood volume  ↑ blood volume  ↑ MSP  ↑ VR 
f. Pericardial pressure (tamponade)  impedes ventricular filling (↑RAP)  ↓ VR 
g. Posture (sitting  standing)  venous pooling  ↓MSP  ↓VR 
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Physiol-1990 Discuss the relationship between cardiac output and venous return. Include factors that 
determine the magnitude of both 

 
1. Cardiac Output – the flow of blood that leaves the left heart into the systemic circulation. 

Venous return – the flow of blood that enters the right heart from the systemic circulation. 
 
 
The circulation is maintained by interaction between the 2 peripheral circulations in series 
(systemic and pulmonary) and the heart. Thus, this is really one continuous circulation (Draw 
diagram).  
 
The stable circulation requires equilibrium between blood entering (venous return) and leaving 
(cardiac output) the heart, and hence VR = CO. Under normal circumstances, the VR = CO = 
5L/min, and a stable RAP = 1mmHg. Changes in either CO or VR will shift this equilibrium, and 
equilibrium RAP will change. Thus, cardiac output and venous return are interdependent.  
 

2. Factors affecting cardiac output: 

CO = HR x SV 

 
The curve is steep and within normal physiological RA pressures. This is explained by the Frank-
Starling mechanism (whereby ↑ preload  ↑ RA pressure  ↑ ventricular stretch  ↑ 
contraction  ↑ cardiac output).  There is a plateau, at RAP = 4mmHg, whereby maximum 
cardiac pumping capacity is reached (CO = 10-15L/min).  

a. Factors which shift curve left - ↑ increase cardiac output 
i. ↑ HR: SNS stimulation, PNS inhibition,  

ii. ↑ contractility: drugs (digoxin) 
b. Factors which shift curve right - ↓ cardiac output 

i. ↓ HR: sympathectomy 
ii. ↓ contractility: myocardial damage, drugs, genetic 

 
3. Factors affecting venous return: 

𝐕𝐑 =  
𝐌𝐒𝐅𝐏 − 𝐑𝐀𝐏

𝐑𝐕𝐑
 

 
 
 
The curve is maximal at RAP < -2mmHg. Below this pressure, the veins collapse from the high 
intrathoracic pressure (Starling resistor mechanism). There is a linear decrease in VR as RAP 
rises, due to reduced driving pressures. It is 0 when RAP = MSFP = 7mmHg. The curve is shifted 
upwards by ↑ MSFP (usually volume loads), downwards by ↓ MSFP. It is rotated clockwise by ↓ 
resistance and anticlockwise by ↑ resistance.  
Factors affecting venous return -  

a. Muscle pump  venous compression  forward flow blood  ↑ MSPF   ↑ VR 
b. Thoracic pump  ↓ IT pressure  ↓ RAP  ↑ VR 
c. Atrial emptying  ↑ volume load into ventricle  ↑ VR 
d. Pericardial pressure  impedes filling, ↑ RAP  ↓ VR 
e. Posture: supine  standing  venous pooling  ↓ MSFP 
f. Blood volume  ↑ MSFP  ↑ VR 
g. Venous Tone  ↑ MSFP  ↑ VR 
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4. Clinical interaction in anaesthesia – under normal circumstances equilibrium between the two 

curves must occur. Certain clinical situations shift both the curves, and interaction brings a new 
equilibrium which affects VR/CO. 

a. Exercise - ↑ SNS which shifts CO curve left  (↑ HR, contractility), and VR curve up (↓ 
resistance, ↑ muscle pump)  new maximum CO can exceed 25-30L/min (↓ RAP). 

b. Spinal anaesthesia  blocks SNS  CO curve right (↓HR, contractility), VR curve down 
(venodilation  ↓ MSFP)  profound ↓ CO 40% (↑ RAP).  
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Physiol-07A13 Describe the determinants of Venous Return and the effect general anaesthesia would 
have on these. 

 
1. Venous return describes the flow of blood reaching the ventricle from the venous system. In the 

normal human heart, it equals cardiac output, which is 5L/min. It is the most important 
determinant of preload to the heart, which in turn, is an important  

 
2. Factor affecting venous return: 

 

𝐕𝐑 =  
𝐌𝐒𝐅𝐏 − 𝐑𝐀𝐏

𝐑𝐕𝐑
 

 
Where  MSFP =  mean systemic filling pressure. Normally 7mmHg. Positive relationship 

  RAP = right atrial pressure. Normally 1mmHg. Negative relationship. 
  RVR = resistance to venous return. Negative relationship. 
 The factors generally relate to these 3 factors. 
 
 
 
Factor Mechanism Anaesthetic considerations 

Muscle pump Muscle activity  intermittent venous 
compression  ↑ forward flow venous 
blood  ↑ MSFP  ↑ VR 

General anaesthetic, NMBD  relax 
muscles  ↓ VR 

Thoracic pump Breathing  ↑ neg Intrathoracic 
pressure  Blood moves from extra 
thoracic veins forward  ↓ RA Pressure 
 ↑ VR 

Respiratory depressants  ↓ 
intrathoracic pump  ↓ venous return 
PPV  ↑ IT pressure  ↓ VR 

Atrial Contraction Atrial contraction  ↑ blood volume 
into ventricle  ↑ VR 

 

Ventricular 
contraction 

Efficient contraction of ventricles  ↓ 
RAP  ↑ VR 
Systolic failure  ↑ RAP  ↓ VR 

Drug induced myocardial depression  
↑ RAP  ↓ VR 

Pericardial pressure Intrapericardial pressure  ↑ RAP, 
restrict filling  ↓ VR 

Cardiothoracic surgery may increase 
pericardial pressure  ↓ VR 

Posture Sitting  standing  gravity pooling of 
venous blood  ↓ MSFP  ↓ VR 

Upright  ↓ VR 
Trendelenburg  ↑ MSFP  ↑ VR 

Blood Volume Increases BV  ↑ MSPF  ↑VR Adequate fluid replacement is required 
to maintain VR in the setting of blood 
loss. 

Venous Tone Venoconstriction  ↑ MSPF (up to 
17mmHg)  ↑ VR 

General anaesthetics  ↓ venous tone 
(↓ arterial tone/resistance)  overall ↓ 
VR 
High spinal anaesthesia  venodilation 
 ↓ VR 
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Physiol-04B10/95 List the physiological factors which affect left atrial pressure and explain their 
effects 

 
1. The left atrium receives all of the cardiac output from the pulmonary circulation. As P = QxR, and 

pulmonary circulation R low, the L atrial pressures are generally low and range 0-8mmHg. 
 
2. The Central Venous Trace 
 

a. ‘a’ wave – rise in pressure due to atrial contraction 
b. ‘c’ wave – rise is pressure due to bulging back of mitral valve during ventricular 

isovolumetric contraction 
c. ‘x’ descent – as ventricles eject blood volume, the shortening of LV pulls the AV valves 

downward  ↑ LA volume  ↓ pressure 
d. ‘v’ wave – rise in pressure as the atria fill with pulmonary blood (VR) during ventricular 

ejection 
e. ‘y’ descent – mitral valve opening  LV filling  drop in atrial pressure 

 
3. FACTORS AFFECTING LA PRESSURE 

 
Factor Explanation of effects 

VENOUS RETURN / LA filling – blood entering the LA from pulmonary circulation. ↑ VR  ↑ LA pressure 

Thoracic pressure ↑ IT pressure (expiration, IPPV)  ↓ VR  ↓ LA pressure 
↓ IT pressure (inspiration)  ↑ VR  ↑ LA pressure 

Pericardial pressure Pericardial pressure impedes LA filling  ↓ VR  ↓ LAP 

Venous tone Pulmonary vasoconstriction (SNS)  ↓ capacitance  ↑ VR  ↑ LAP 

Blood volume High volumes states (CCF, fluid overload)  ↑ VR  ↑ LAP 

Posture Supine standing  ↓ venous pressure gradient  ↓ VR  ↓ LAP 

LV filling / LA emptying – blood emptying passively LA into LV. ↓ LA emptying  ↑ LA volume  ↑LA 
pressure. 

AV valve ring size ↓ mitral out opening (Mitral stenosis)  ↓ radius  ↑ resistance  ↑ LAP required 
to move blood into LV (atrial hypertrophy) 

LV diastolic 
compliance 

↓ LV compliance (LV hypertrophy, HOCM)  ↑ pressure required to fill ventricles  
↑ LAP (diastolic dysfunction) 

Mitral 
incompetence 

MR  blood volume into LA during systole  ↑ LA ES volume and pressure 

Aortic incompetence AR  volume load into ventricle  ↑ LVESV  ↑ LA pressures required for diastolic 
filling 

Heart rate Tachycardia  ↓ ventricular filling  ↑ LAP 

LV EMPTYING – blood leaving LV into systemic circulation which is in series with pulmonary circulation. ↓ LV 
emptying  ↑ LA pressure 

Contractility ↓ contractility  ↑LV systolic volume  ↑ diastolic filling pressure  ↑ LA pressure 

LV wall tension ↑ tension (pressure overload, LVH)  ↑ afterload  ↑ LVESV  ↑ LA pressure 
↓ tension (IPPV)  Starling resistor  ↓ afterload  ↓ LAP 

Aortic valve size Aortic stenosis  ↑resistance to flow  ↑ LV pressures  ↑ LVESV  ↑ LA 
pressures 

SVR ↑ SVP (autonomic discharge, essential HTN)  ↑ LA pressure 
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Physiol-02B9/96A3 Draw a pressure volume loop for a left ventricle in a normal adult. Outline the 
information that can be obtained from such a loop and how such a loop can be constructed.  

 
1. Draw the PRESSURE VOLUME LOOP – developed by Starling through an animal heart-lung 

preparation. This involved artificially ventilating lungs, supplying R heart with blood reservoir, LV 
output passed through a resistor and into a venous reservoir.  

 
 
2. Features of the LV pressure-volume loop 

a. A – End-systolic volume: volume of blood remaining after closure of aortic valve 
b. AB – Diastole: opening of the mitral valve and filling of the LV. 70mL blood filled in 

normal cycle 
c. B – LVEDV: volume of blood remaining in LV at the end of diastole. Pressure rises from 5 

 10mmHg. Ended by closure of the mitral valve. 
d. BC – Isovolumetric ventricular contraction. Mitral valve closes and the ventricle 

contracts against closed valves with a constant blood volume. Pressure rises to ~ 
80mmHg. 

e. C – Opening of aortic valve as LV pressure > aortic pressure 
f. CD – LV systole. Rise in pressure as the ventricle contracts resulting in ↓ volumes with ~ 

70mL blood ejected. The ventricles start to relax in this period but blood flow keeps the 
aortic valve open (protodiastole) 

g. D – Ventricular pressure < aortic pressure and Aortic valve shuts. Usually at 100mmHg. 
h. DA – Isovolumetric ventricular relaxation. Ventricles continue to relax with both valves 

closed. ↓ pressure with no change volume. Ends with mitral valve opening with LV 
pressure < LA pressure. 

 
3. Information obtained 

a. Stroke volume – LVEDV – LDESV = 70mLs 
b. Ejection fraction: SV/LVEDV = 0.58 = 58% 
c. Peak pressure: maximal pressure achieved during systole ~ 1 20mmHg 
d. Elastance: slope of the pressure/volume curve. This is usually very low at normal 

volumes as the myocardial fibres can stretch when volume is added. Increases sharply as 
volumes > 130mL as optimal myocardial fibre stretch 2.2μm is exceeded.  

e. Preload: measured by LVEDV 
f. Afterload: measured by the slope of line D-LVEDV. ↑ steepness  ↑ afterload 
g. Contractility: measured by the slope of the ESV pressure volume line (D-E) 
h. Work: 

i. Cardiac work – measured by area ABCD within curve (Nm) 
ii. Diastolic work – area below line AB = work done by blood to stretch heart 

iii. Potential energy – area DEA = potential energy stored during isovolumetric 
ventricular contraction. Lost as heat generated. 

iv. Myocardial O2 consumption – cardiac work + potential energy 
 
NB:  

1. RV pressure-volume curve is more triangular in nature due to non synchronous nature of 
contraction (starts inflow tract, ends outflow tract after 50ms) 

2. Ischaemia: shifts curve to right due to systolic lengthening and post-systolic shortening) 
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Physiol-06B9 Describe the factors that oppose left ventricular ejection 

 
1. Afterload is the term used to describe the sum of forces that oppose LV ejection. The factors 

which contribute to this sum are: 
a. Left ventricular wall tension 
b. Aortic resistance 
c. Systemic vascular resistance 

 
2. Left ventricular wall tension – the tension that must be developed in the L ventricle to eject 

blood into the aorta. Derived from Laplace’s law which states: 
 

𝐏 ∝  
𝐓

𝐑
 

 
Thus, T = PR/h where h = wall thickness, P = pressure gradient, R = radius 
a. Pressure: ↑ pressure load (hypertension)  ↑ tension  ↑ afterload 
b. Radius: ↑ volume load (LV dilatation, cardiomyopathy)  ↑ tension  ↑ afterload 
c. Thickness: ↑ thickness (LV hypertrophy)  ↓ tension  ↓ afterload (the heart undergoes 

compensatory hypertrophy to cope with ↑ pressure loads) 
 
3. Aortic resistance:  

 

𝐑 =  
𝟖𝛈𝐋

𝛑𝐫𝟒
 

 
a. LV outflow tract obstruction: aortic stenosis  ↑ resistance  ↑ afterload 
b. Extrinsic pressure: Starling resistor mechanism occurs when ↑intra-thoracic 

pressure  driving pressures dependent on LV pressure – IT pressure.  
i. IPPV, Pneumothorax, deep expiration  ↑ ITP  ↓ transmural aortic 

pressure   afterload. 
c. Compliance: ↓ compliance  ↓ Windkessel effect  (elastic dampening of blood 

ejection)  ↑ afterload 
 

4. Systemic vascular resistance – the sum of resistance to flow of blood through the parallel 
vascular beds of the systemic circulation.  
Given by R = 8nL/∏r4 
a. Viscosity: ↑ viscosity (polycythaemia)  ↑ afterload 
b. Vessel radius:  

a. peripheral vasoconstriction  ↑ afterload 
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Physiol-09B9 Classify the causes of hypotension in the early post-operative period, giving relevant 
examples 

 
1. Hypotension is defined as an abnormally low mean arterial blood pressure, dropping by > 20% of 

normal blood pressure. It is clinically important as normotension is required for adequate tissue 
perfusion of blood for the delivery of O2 and nutrients, and the removal of CO2 and waste 
products. 

 
2. Factors controlling blood pressure: 

 

MAP = CO x SVR 
CO = HR x SV 

 
SV is affected positively by preload + contractility, and negatively by afterload. 
Hence, factors causing hypotension are: ↓SVR, HR, preload and contractility, and ↑ afterload. 
 

3. Factors causing post-operative hypotension: can be classified into surgical, anaesthetic and 
patient factors: 

a. ↓ SVR: 
i. Surgical – sympathetic chain / neuroaxial lesion (sympathectomy) 

ii. Anaesthetic: 
1. Pharmacological sympathetic blockade (most volatile anaesthetics, 

propofol, thiopentone) 
2. Local anaesthetic neuraxial blockade 

iii. Patient: 
1. Sepsis 
2. Autonomic dysfunction (diabetes, peripheral vascular disease) 
3. Hyperthermia 

b. ↓ HR: 
i. Surgical – sympathetic chain / neuraxial lesion 

ii. Anaesthetic: Pharmacological sympathetic blockade (propofol, halothane, 
neostigmine) 

iii. Patient: 
1. Regular medications – beta blockade, ca channel blockers 
2. Sick sinus syndrome 
3. AV block 

c. ↓ preload: 
i. Surgical: 

1. Blood loss (unreplaced) 
2. dehydration 

ii. Anaesthetic: 
1. Inadequate fluid replacement 
2. Pharmacological venous pooling – nitrates, volatile anaesthetics 
3. Posture – head up 

iii. Patient factors: 
1. Immobility – lack of venous pump, thoracic pump 
2. Fasting 

d. ↓ contractility: 
i. Surgical: cardiothoracic surgery 

ii. Anaesthetic: 
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1. Pharmacological depressants – volatile and IV anaesthetics 
2. Sympathetic blockade 

iii. Patient: 
1. Systolic/diastolic dysfunction – previous MI 
2. Regular medications – beta blockers, Ca blockers 

e. ↑ afterload: 
i. Anaesthetic: 

1. Pharmacological vasoconstriction – inotropes 
ii. Patient: 

1. Valvular disease – aortic stenosis, outflow obstruction 
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Peripheral Vascular System  

Physiol-08B14 Explain in physiologic terms the effect of severe aortic stenosis on myocardial oxygen 
supply and demand 

 
1. Aortic stenosis is a pathological narrowing of the aortic valve orifice which results in inadequate 

LV emptying. This is generally a chronic condition associated with compensatory changes in 
myocardial function, and subsequent effects whereby myocardial O2 supply is decreased and 
demand is increased, resulting in an increased propensity towards ischaemia.  
Severe aortic stenosis is marked by: 

a. LV hypertrophy – cardiac muscle mass increases x 4/5 
b. ↑ systolic pressures – as high as 200mmHg 
c. Aortic outflow area < 0.5cm2 (normal 2cm2). 

 
2. Physiological and compensatory consequences: consider P = Q x R, and R = 8nL/∏r4 

a. ↓ radius outflow  ↑ resistance to flow  ↑ pressure required  LV pressure 
overload 

b. LV hypertrophy:  
i. pressure overload  ↑ P required to empty LV  hypertrophy of myocardium. 

ii. ↑ pressure  ↑ tension (by Laplace’s law)  ↑ work  compensatory ↑ 
thickness myocardium to ↓ tension 

c. Tachycardia: pressure overload  ↓ SV  ↓ BP  sympathetic stimulation via 
baroreceptor reflex  tachycardia 

d. Polycythaemia: AS  ↓ SV  systemic hypoxia  compensatory polycythaemia 
 

3. Myocardial  demand / work – the O2 consumed by the myocardium per unit time. Usually 8-
10mL O2/min/100g or 24-30mLs O2/min for normal 300g heart 
 
 
 
 
 
 
a. Graph – the area inside pressure-volume curve (cardiac work) + area to the left (potential 

work) 
b. Formula: Work α HR x Contractility (SV) x MAP 
c. Factors which ↑ myocardial O2 consumption in aortic stenosis: 

a. ↑ LV pressures required for ejection  ↑ MAP  ↑ work 
b. LV hypertrophy   ↑ muscle mass (x3-4)  ↑ O2 demand 
c. ↑ HR  ↑work 
d. Polycythaemia  ↑ viscosity  ↑ resistance  ↑ work 

 
4. Myocardial O2 supply – the myocardial O2 supply is intrinsically linked to match demand and is 

under careful regulation by local, myogenic and autonomic control. Usually, 
Coronary BF = CPP/R = 250mL/min (5% cardiac output) 
CPP (coronary perfusion pressure) = Aortic diastolic  pressure – LV diastolic pressure (or 
coronary sinus/RA pressure). Since LV diastolic pressure/RA pressure are usually small, CPP is 
said to toughly equate to aortic diastolic pressure.  
Although myocardial supply increases with compensation in aortic stenosis, as disease severity 
increases, there is inability of supply to match demand and ischaemia results. 
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Note that coronary flow is reduced in systole due to the Starling resistor mechanism (external 
compression of vessels by contracting myocardium). This is more marked in subendocardial than 
epicardial vessels.  
 
a. Factors which ↓ myocardial O2 supply/demand matching. 

a. ↑ LV pressure  ↑ compression of endocardial vessels in LV during systole (Starling 
resistor)  ↓ coronary BF 

b. ↑ HR  less relative diastolic time, more relative systolic time  ↓ time for 
coronary artery flow in Left ventricle  ↓ supply 

c. End stage AS  inability LV to eject blood  ↑ LV diastolic pressures  ↓ coronary 
perfusion pressure  ↓ O2 supply.  
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1994 Briefly discuss the factors that influence the rate of blood flow through a capillary bed  

 
1. Type of tissue: Some tissues receive higher flow than others. 

a. Muscles beds  increase their tissue perfusion related to meet O2 demands and 
increase return of waste  

b. Other vascular beds have more constant metabolic turnover such as the brain where 
flow is autoregulated.  

c. Kidneys have a high perfusion for functional reasons i.e. the clearance of waste 
products. Receives 25% of resting CO but only uses 7% of total oxygen flux. 

 
2. Physical Laws:  

a. Ohm’s Law: Blood flow proportional to driving pressure and inversely to resistance. 

𝐅𝐥𝐨𝐰 =  
𝐃𝐫𝐢𝐯𝐢𝐧𝐠 𝐏𝐫𝐞𝐬𝐬𝐮𝐫𝐞

𝐑𝐞𝐬𝐢𝐬𝐭𝐚𝐧𝐜𝐞
 

 
b. Pouiselle’s Law: 

𝐐 =  
𝚫𝐏 𝐱 𝛑𝐫𝟒

𝟖𝛈𝐋
 

 
 

i. Driving Pressure: arterial pressure – venous pressure 
ii. Vascular resistance: the main mechanism for control (see below) 

iii. External compression of BV (Starling’s resistor vessels)  
For example: Heart - “extra coronary resistance” => limits BF esp. to 
subendocardium of LV 

iv. Physical obstruction to flow e.g. Atherosclerosis/coronary artery spasm 

v. Blood viscosity:  ↑ viscosity  decreased flow 
 

3. Resistance: 
a. Neural factors: 

i. SNS - Increase in tone  vasoconstriction via baroreceptor reflex  SNS 
stimulation.   

1. SNS control important in skin/ kidneys/ gut, less important in brain/ 
coronary circulations 

2. Skeletal muscle – has a second sympathetic cholinergic vasodilator 
supple 

ii. PNS - Vasodilator  reduces resistance  increased O2 supply. Less impact 
vs. SNS control 

 
b. Hormonal factors: 

i. Renin-angiotensin system Angiotensin II – powerful vasoconstrictor 
ii. Vasopressin -  vasoconstrictor.  

iii. ANP – released via volume receptors 
iv. Adrenaline/ NA = released from Adrenal glands 

1. Vascoconstriction / dilatation is determined by predominant α/ β 
receptor concentration. 

2. GIT/ skin: predominantly α  vasoconstriction  ↑ resistance  
↓ O2 supply 

3. Heart/skeletal muscle :  ↑β receptors  vasodilation 
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c. Metabolic factors:  

i. Mechanism: 
1. Vasodilator theory - ↑ metabolites /↓O2  ↓oxidative metabolism 

 ↓ATP  opening ATP-sensitive K channels  release vasodilator 
substances (NO, adenosine) 
Generates outward current that reduces AP duration and limits Ca2+ 
entry during Phase 2 of AP  improves O2 supply vs demand 
Hyperpolarisation of vascular SM  reduces Ca2+ entry  coronary 
artery vasodilation 

2. Lack of nutrient theory: Absence of O2 causes inability of vascular 
SM contraction => vasodilation 
On return of O2  normal vasomotion restarts (the cyclical 
opening/closing of precapillary sphincters/metarterioles) 

ii. Factors: Oxygen, Adenosine (produced by degradation ATP  ADP AMP 
Adenosine); CO2, H+ ions (lactate), K+, Bradykinin, PGE2, Nitric Oxide. 

 
d. Myogenic autoregulation 

i. High arterial pressure stretches vessel wall   reactive vascular constriction 
  increased coronary resistance  acts to insure constant BF between 
arterial pressures of 70-175mmHg 

ii. Constant BF  constant tissue 02 delivery 
iii. Explained by Laplace’s Law: 

𝐓 =  
𝐏𝐭𝐫

𝐔
 

As MAP increases (transmural pressure = pressure inside (MAP) - outside)   
↑ wall tension  stretch  depolarization  ↑Ca2+ entry into cell  
vasoconstriction  ↓ radius 

 
  



 Dr Matthew Ho 
BSc(Med) MBBS(Hons) FANZCA 

 
1994 Describe the relationship between vascular tone and tissue oxygenation  

 
1. Vascular resistance results from frictional (viscous) forces both between moving molecules and 

with the walls of their conducting vessels.  
a. Total SVR = sum of all the individual resistances of all the vessels  
b. Normal value =  15 Wood units  = 800-1200dyne.sec/cm5 
c. Greatest resistance occurs in: 

i. arterioles systemically (40%) of total 
ii. precapillary sphincters in local tissue beds  

 
2. Relationship to tissue oxygenation: 

 
Oxygen delivery = CO x arterial O2 content. 

Locally tissue oxygen delivery = tissue blood flow x O2 content. 
 

As 02 content is usually relatively constant  tissue blood flow is main determinant of tissue 
oxygen supply. Hence changes to tissue oxygenation largely achieved by changing vascular 
resistance. 
 

3. Law’s of Vascular Resistance: 
 

𝐅𝐥𝐨𝐰 =  
𝐃𝐫𝐢𝐯𝐢𝐧𝐠 𝐏𝐫𝐞𝐬𝐬𝐮𝐫𝐞

𝐑𝐞𝐬𝐢𝐬𝐭𝐚𝐧𝐜𝐞
 

 

𝐐 =  
𝚫𝐏 𝐱 𝛑𝐫𝟒

𝟖𝛈𝐋
 

 
Hence resistance in blood vessels determined by; 
a. Vessel radius – most important factor as halving the size of the tube increases the 

resistance to fluid movement by 16 times 
b. Blood viscosity 

 
 
4. Determinants of Vascular Resistance 
Extrinsic Factors 

a. Neural: SNS input is the main controller of vascular resistance and depends on the 
relative predominance of: 

i. α1 receptors – vasoconstriction (most tissues) 
ii. β2 receptors – vasodilation (liver, skeletal muscle) 

The PNS is less important and in general results in vasodilation. 
 

b. Hormonal factors 
i. Renin-angiotensin system Angiotensin II – powerful vasoconstrictor 

ii. Vasopressin - vasoconstrictor.  
iii. ANP – released via volume receptors 
iv. Adrenaline/ NA = released from Adrenal glands 

1. Vascoconstriction / dilatation is determined by predominant α/ β 
receptor concentration. 

2. GIT/ skin: predominantly α  vasoconstriction  ↑ resistance  ↓ O2 
supply 

3. Heart/skeletal muscle :  ↑β receptors  vasodilation 
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Intrinsic Factors 

c. Myogenic autoregulation 
i. High arterial pressure stretches vessel wall   reactive vascular constriction   

increased coronary resistance  acts to insure constant BF between arterial 
pressures of 70-175mmHg 

ii. Constant BF  constant tissue 02 delivery 
iii. Explained by Laplace’s Law: 

𝐓 =  
𝐏𝐭𝐫

𝐔
 

As MAP increases (transmural pressure = pressure inside (MAP) - outside)   
↑ wall tension  stretch  depolarization  ↑Ca2+ entry into cell  
vasoconstriction  ↓ radius 

 
 

d. Metabolic factors:  
i. Mechanism: 

1. Vasodilator theory - ↑ metabolites /↓O2  ↓oxidative metabolism  
↓ATP  opening ATP-sensitive K channels  release vasodilator 
substances (NO, adenosine) 
Generates outward current that reduces AP duration and limits Ca2+ 
entry during Phase 2 of AP  improves O2 supply vs. demand 
Hyperpolarisation of vascular SM  reduces Ca2+ entry  coronary 
artery vasodilation 

2. Lack of nutrient theory: Absence of O2 causes inability of vascular SM 
contraction => vasodilation 
On return of O2  normal vasomotion restarts (the cyclical 
opening/closing of precapillary sphincters/metarterioles) 

ii. Factors: Oxygen, Adenosine (produced by degradation ATP  ADP AMP 
Adenosine); CO2, H+ ions (lactate), K+, Bradykinin, PGE2, Nitric Oxide.  
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Physiol-04B16/01B8/91 Give an account of the Starling forces within the capillary circulation. Explain 
the physiological processes involved in the development of interstitial oedema. Include specific 
reference to the pulmonary and glomerular capillaries.  

 
1. Interstitial oedema is the accumulation of fluid in the interstitial space, and occurs due to: 

a. ↑ fluid leaving capillary circulation 
b. ↓ lymphatic drainage from the interstitial space 
c. Total ↑ ECF volume increased 

 
2. The physiology of interstitial oedema depends on the process of filtration that occurs in the 

capillary circulation. Capillaries contain semi-permeable membranes that allow the movement of 
fluid and selective solutes. The movement of fluid is determined by Starling’s hypothesis which 
states that the fluid movement due to filtration across the membrane is dependent on the 
balance between hydrostatic pressure and oncotic pressure gradient such that: 
 

𝐍𝐅𝐏 = 𝐤[(𝐏𝐜 − 𝐏𝐢) −  𝛔(𝛑𝐜 − 𝛑𝐢)] 

 
Where, k = filtration coefficient (hydraulic conductivity x area) 
  σ = reflection co-efficient (relative permeability to albumin, 0-1) 
  π = oncotic pressure (pressure due to non-diffusible solutes) 

 
3. Characteristics of capillary circulations 

a. Values for typical tissue circulation –  
Parameter Arterial  Venous 

Pc 25 10 

Pi -6 -6 

π p 25 25 

π i 5 5 

Overall gradient 11mmg out 4mmHg in 

 
b. The hydrostatic pressure drops along the length of the capillary, and the filtration 

gradient becomes less (and eventually negative). Overall, there is net outflow of 
4L/day fluid from the capillaries. This is typically absorbed by the lymphatics. 

c. Lymphatic  drainage consists of flow through one-way valves. Drainage aided by: 
i. Travel with blood vessels, and vessel pulsation aids forward movement 

lymph 
ii. Muscle pump 

iii. Thoracic pump 
iv. gravity 

d. The Starling forces vary in different circulations: 
i. Pulmonary –  

1. Pc (13  6), Pi (0), πc = 25, πI = 17, σ = 0.5 (leak protein) 
2. Net filtration 5mmHg out  -2mmHg in 
3. Due to low capillary pressure (low resistance circulation), overall 

movement of fluid is into capillaries (protect from pulmonary 
oedema) 

ii. Renal –  
1. high Pc (60/58), Pi 15, ↑ π along arteriole (21  33), low σ 
2. Net filtration 24mmHg  15mmHg out 
3. high net filtration capillary  BC 

iii. Cerebral –  
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1. Tight junctions of BBB  smaller solutes (Na, Cl) contribute to π 
2. High σ 

 
4. Factors leading to interstitial oedema 

a. ↑ Pc 
i. Arterial – arteriolar dilation 

ii. Venous – venoconstriction, CCF, fluid overload (↑venous cap pressure) 
b. ↓ Pi – negative pressure pulmonary oedema 
c. ↓ πp – ↓ plasma protein, liver failure, nephrotic syndrome 
d. ↑ πI – burns, plasma protein leak 
e. ↑Kf - ↑ leakiness of capillaries inflammation, infection 
f. ↓ σ - ↑ permeability to proteins 
g. ↓ lymphatic drainage 

i. Obstruction 
ii. LN removal 

iii. Stasis – no muscle, thoracic pump (post-op) 
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Physiol-99A8 Explain the significance of plasma oncotic pressure in capillary fluid dynamics 
Physiol-97B1 Explain the local effects of a decrease on plasma colloid osmotic pressure in the skeletal 
muscle capillary bed 

1. Capillary fluid dynamics describes the movement of fluid through the capillary semi-permeable 
membrane. Such movement is described by the Starling’s forces which states that the 
movement of fluid is due to the balance between hydrostatic pressure gradient and oncotic 
pressure gradient: 
 

Movement = k [(Pc – Pi) – σ(∏p - ∏i) ] 

 
2. Factors affecting fluid dynamics 

a. Hydrostatic pressure: pressure exerted by forces of fluid movement within the 
compartment. This decreases across the capillary from arterial  venous end and 
accounts for reduction in fluid movement out of arterial end, into venous end. 

b. Oncotic pressure: pressure exerted by non-diffusible solutes which keeps fluid 
within a compartment. In the body, due to high MW proteins (albumin) which 
cannot diffuse. 

c. Filtration co-efficient (k) = Area x hydraulic permeability. Relative ‘leakiness’ of 
capillary membrane 

d. Reflection co-efficient (σ) = relative leakiness of membrane to proteins (1 = 
impermeable, 0 = permeable). 
 

3. Capillary circulation characteristics: 
a. Normal peripheral circulation –  

Parameter Arterial  Venous 

Pc 25 10 

Pi -6 -6 

∏p 25 25 

∏i 5 5 

Overall gradient 11mmg out 4mmHg in 

 
b. Overall, there is extravasation. 4L fluid/day into the interstitium, which is drained by 

the lymphatics. These contain one-way valves which promote forward flow of excess 
fluid back into the systemic circulation and is aided by adjacent arterial pulsations, 
muscle, thoracic pump and gravity. 

c. Different circulations: 
i. Pulmonary: 

1. Low Pc  favours fluid into capillaries, protects from pulmonary 
oedema 

ii. Renal: 
1. High hydrostatic pressures (60  58mmHg), high filtration co-

efficient 
2. Overall high filtration rate out into BC 

iii. Cerebral: 
1. Membrane impermeable to some ions (BBB)  tonicity contributes 

to ∏c  
 

4. Factors affecting plasma oncotic pressure: 
a. Usually not a major factor in regulating fluid flow, ∏p is usually 25mmHg in systemic 

and pulmonary circulations, and 21 33mmHg in renal arterioles. This is fixed as 
most membranes are not permeable to albumin 
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b. Factors ↓ ∏p  ↓ pressure holding fluid in capillaries  ↑ interstitial oedema 

i. ↓ synthesis protein  - liver failure, malnutrition 
ii. ↑ loss protein – nephrotic syndrome 

iii. ↑ capillary permeability to protein – burns, infection 
 

5. Consequences of interstitial oedema 
a. Compensated: 

i. ↑Pi  favour venous absorption 
ii. ↑ lymphatic drainage 

b. Uncompensated: 
i. ↑ diffusion distance  ↓ diffusion of gases, nutrients, waste (as flux = DM x 

Ax∆P/T) 
ii. ↑ excitation-contraction coupling – less overlap of actin-myosin cross 

bridges  inefficient contraction 
iii. ↑Pi interstitial pressure: 

1. Can compress veins if Pi>Pc  no flow 
2. Can compress lymphatics  further ↑ oedema 
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Physiol-04A10/01A6 Describe the vasoactive substances released by the endothelium. Explain the 
role they play in regulating blood flow through the peripheral circulation 

 
1. Endothelium – the collective term for all the endothelial cells lining the vessels of the 

cardiovascular system. As they are in direct contact with blood flow, they have imported roles. 
 
2. Functions: 

a. Regulating blood flow – the endothelium allows local autoregulation, with the aim of 
matching blood flow to metabolic demand 

b. Coagulation and fibrinolysis – the endothelium plays an important role in regulating 
coagulation necessary during vessel injury, whilst limiting this process to prevent 
pathological thrombosis. 

c. Angiogenesis – substances secreted by endothelium which promotes growth of new 
vessels. 

 
3. Vasoactive substances 

 

Substance Synthesis Triggers Mechanism 

Nitric oxide Arginine + O2 + NADPH  
NO (NOS) 

↑ Shear stress, Ca 
Metabolic products - ↓O2, 
↑pCO2, acidosis, ↑ temp, 
lactate, ↑ADP/AMP, ↓ ATP, 
adenosine 
Hormones – ANP, substance 
P, VIP, histamine, bradykinin 

Bind GPCR  ↑cGMP  
↑ myosin phosphatase  
dephosphorylation of 
myosin  relaxation 
smooth mm 

Prostacyclin AA  PGI2 (COX) Shear stress, pulsatile flow 
Inhibited by COX inhibitors 
(also ↓TXA2) 

Bind GPCR  ↑cAMP  
↓MLCK activity  
vasodilation 
Bind gPCR  ↑cAMP  
↓Ca  platelet inhibition 

Endothelin-1 DNA synthesis Stim: endothelial damage, 
hypoxia, thrombin, Ang II, 
catecholamines 
Inh: NO, PGI2, ANP 

ETA receptor  GPCR  
↑PLC  ↑Ca  potent 
vasoconstriction 

 
4. Other substances 

a. Thrombosis and coagulation: 
i. Thrombomodulin – 

1.  binds and inactivates thrombin (factor IIa)  
2. Activates protein C/S  inactivate factor V/VIII, activate tPA 
3. ↑tPA, fibrinogen 

ii. tPA –  
1. catalyses: plasminogen  plasmin  (which breaks down fibrin) 

iii. Heparin 
1. Expressed on surface endothelial cells 
2. ↑ATIII activity  inactivate clotting factors 
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Physiol-99B8 Draw both aortic root and a radial artery pressure wave forms on the same axes. 
Explain the differences between them 

 
1. The pressure waveforms are formed by a pressure waves travelling from the heart, distally down 

the arteries. They represent pressure (not blood flow). 
 
 

2. Aortic root Waveform: 
a. Events: 

i. Pressure wave starts at opening of aortic valve systole 
ii. Peak pressure 120mmHg 

iii. Incisura – small reversal of pressure drop due to closure of aortic valve  
iv. ↓ pressure – Windkessel effect due to compliance of aorta where stretching 

during systole creates potential energy which is converted back to kinetic energy 
to propel the blood during diastole 

 
3. Radial artery waveform: 

a. Due to pressure impulse travelling down major arteries 
b. Differences: 

i. Delay – as pressure wave travels from aorta  radial artery 
ii. Steeper upstroke and downstroke – 

1. Velocity α 1/compliance 
2. ↓ compliance arterial walls compared to aorta 

iii. Higher peak – reflection and resonance  summation of waveforms 
iv. No incisura – due to dampening (progressive diminution) of high pressure 

components 
v. Diastolic hump – due to reflection and resonance of wave 

vi. Lower end-diastolic pressure – ↓ compliance of arterial walls compared to aorta 
vii. Greater pulse pressure, similar MAP. 

 
4. Changes with elderly 

a. Elderly: 
i. ↓ myocardial function – slower rise to peak pressure 

ii. ↓ compliance vessels –  
1. less distortion of waveform distally (resembles aortic waveform) 
2. ↑ velocity  late systolic ↑ peak pressure and less diastolic peak 

(reflection quicker) 
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Control of Circulation  

Physiol-10A13/05B15/99A7 Describe the autonomic innervation of the heart and the effects of 
autonomic stimulation on cardiac function 

 
1. The autonomic nervous system is the part of the nervous system that controls visceral functions 

and body homeostasis. It is divided into sympathetic and parasympathetic which usually have 
opposing effects 

 
Property Sympathetic Parasympathetic 

Anatomical 

Source Medulla: Rostral VL medulla  project to 
pre-ganglionic fibres in SC (+ glutamate) 

Medulla: CN X dorsal nuclei/nucleus 
ambiguous 

Pathway Paravertebral Vagal nerve through mediastinum 

Pre-ganglionic Neurons in TL intermediolateral horn of SC 
(type B nerve fibres) 

Vagal nerves 
Paired: R  SA node, L  AV/ventricles 

Ganglia Inferior cervical, T1-4 thoracic ganglia. 
Paired: R  SA node, L  AV/ventricles 

Myocardium / epicardium 

Post-ganglionic Epicardial plexus along great vessels, 
penetrate myocardium along coronary 
vessels 

SA / AV node tissue 

Physiological 

Receptor β1 receptor M2 receptor 

Neurotransmitter (+) NA (+) ACh 

Mechanism GPCR  ↑cAMP  open Ca L channels, ↑ 
SR Ca2+ release, ↑ troponin-C affinity Ca, ↑ 
troponin I affinity Ca (relax) 

GPCR  ↑ K conductance  
hyperpolarise 

Response ↑ inotropy, dromotropy, chronotropy, 
lusitropy, automaticity 
Coronary artery vasoconstriction 

↓ chronotropy, automaticity, dromotropy 

Duration Slow onset, long lasting due to: 
Inherent activity by RVLM premotor cells 
2nd messenger system 
Offset dependent on slower re-uptake 
Can overcome PNS with NPY 

Fast onset, short acting due to: 
Dorsal nuclei/NA premotor cells quiescent 
No 2nd messenger 
Abundance of acetyl cholinesterase 
PSNS over-rides SNS 

Specific 

Base tone ↓ activity at rest ↑ activity (resting HR 100) 

Action Potential ↑ slope prepotential ↓ slope prepotential 

LV curve Anti-clockwise Clockwise 

Baroreceptor 
reflex 

Inhibits Activates 
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Physiol-03B10/00B1 Describe the role of baroreceptors in the control of systemic arterial pressure. 

 
1. The systemic arterial pressure is the primary measured variable involved in the reflex control of 

the cardiovascular system. It involves 3 elements: 
a. Sensors –  

i. high pressure baroreceptors 
ii. low pressure baroreceptors 

b. Controller – vasomotor centre 
c. Effectors: 

i. HR 
ii. Contractility 

iii. Vasodilation 
iv. Venodilation 

 
 
2. Common Pathways: 

a. Afferents: 
i. CN X – cardiopulmonary and aortic arch receptors 

ii. CN IX – carotid nerve, carotid sinus receptor  
iii. Terminate in NTS (nucleus tractus solitarius in medulla) 

b. Central integration: 
i. Sympathetic: 

1. NTS neurons (glutamate)  stimulate CVLM and IVLM 
2. CLVM, IVLM (GAMA)  inhibit RVLM 
3. RVLM  sympathetic premotor neurons to intermediolateral tracts in 

spinal cord 
ii. Parasympathetic: 

1. NTS neurons (glutamate)  stimulate vagal dorsal motor nucleus and 
nucleus ambiguous  parasympathetic premotor neurons to vagus 
nerve. 

c. Efferents: 
i. Sympathetic: 

1. Preganglionic fibres in IML columns of spinal cord synapse at 
sympathetic chain (stellate, middle cervical ganglia) and adrenal medulla 

2. Post-ganglionic fibres to: 
a. Heart  ↑ HR, contractility 
b. Resistance vessels (Arterioles)  constrict  ↑ SVR 
c. Capacitance vessels (venules)  constrict   ↑ VR 

ii. Parasympathetic: 
1. Pre-ganglionic fibres in left and right vagal nerve, synapse at cardiac 

ganglia 
2. Post-ganglionic: 

a. Left  AV node, ventricles  ↓ contractility 
b. Right  SA node  ↓ heart rate 

 
3. Arterial Baroreceptors: 

a. Location: aortic arch and carotid sinus (tunic adventitia of ICA) 
b. Stimulation –  

i. Wall stretch 
ii. Pulse pressure > static pressure 

c. Action - ↑ MAP  baroreceptor firing 
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i. Inhibition of RVLM  ↓ SNS  ↓ HR, contractility, vasodilatation 

ii. Stimulation of NA/CN X  ↑ PNS  ↓ HR, contractility 
d. Range –  

i. Linear between 70-110mmHg 
ii. No firing < 40mmHg, no further firing > 150mmHg 

e. Role –  
i. Important in short-term control of blood pressure to changes in posture, 

breathing, cardiac output, fluid loss 
f. Resetting –  

i. Hypertensive patients can have baroreceptor baseline reset in 1-2 days 
 
4. Low pressure baroreceptors 

a. Location: right atrium and great veins 
b. Stimulation – by stretch of low pressure systems   sensitive to overall volume status of 

CV system  central venous P 
i. Type A – respond to atrial contraction – ‘a’ wave 

ii. Type B – respond to atrial filling – ‘v’ wave 
c. Action - ↑ MAP  baroreceptor firing: 

i. ↑ SNS to RA  ↑HR (Bainbridge mechanism) 
ii. Hypothalamus  ↓ ADH, thirst  ↑water, salt excretion 

iii. ↓ SNS kidneys  ↑ RBF  ↑ urine output 
d. Role:  

i. Slow response feedback system to exert effects on blood volumes over long 
periods of time 

 
5. Valsalva manoeuvre – used to test integrity of high pressure receptor system 

a. Normal Valsalva ratio (highest HR / lowest HR) = 1.5 
b. Abnormal < 1.5 
c. Absent baroreceptor reflex:  

i. Excessive fall BP phase II 
ii. Absence of overshoot and bradycardia phase IV 

d. Cardiac failure: 
i. Elevated BP phase II 

ii. No overshoot phase IV 
iii. Minimal change HR 
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Physiol-94B2 Explain the cardiovascular responses to a Valsalva manoeuvre maintained for 30 
seconds. What can be learnt about cardiovascular function from observing these responses?  

 
1. The Valsalva manoeuvre is performed by forced expiration against a closed airway (glottis, 

nose/mouth) which causes an increase in intrathoracic pressure. 
 
2. The cardiovascular responses in a normal functioning system can be divided into 4 phases: 
 
 
 
Phase MAP HR Mechanism 

1 – initial ↑ ↓ Strain  ↑ IT pressure  pulmonary veins empty into LA  ↑ VR  ↑ SV 
(Starling’s)  ↑ BP 
Also ↑ IT pressure  transmitted ↑ aortic pressure 

2 – hold ↓ ↑ Strain  ↑IT pressure  ↓VR into R heart  ↓ VR L heart  ↓ SV  ↓ CO  
gradual ↓ BP. 
Baroreceptors ↓ firing  ↑SNS ↓ PNS  ↑ HR, peripheral vasoconstriction  
restoration BP 
Healthy – BP restored above baseline 
Depressed response – BP restored below baseline 

3 – release ↓ 0 Release  ↓ IT pressure  ↓ pulmonary venous capacitance  ↓ VR L heart 
 ↓ SV  ↓ CO  ↓ BP. HR unaltered due to brief phase 

4 ↑ ↓↓ Release  ↓ IT pressure  ↑ VR return onto L heart  ↑ VR R heart  ↑ SV 
 ↑ CO against vasoconstricted vascular bed  ↑ MAP (overshoot) 
Baroreceptors ↑ firing  ↓SNS, ↑PNS  ↓↓ HR 

 
3. Measuring Valsalva response 

a. Valsalva number = (HRMAX Phase 2/HRMIN phase 4) = (RRMAX phase 4/RRMIN phase 2) 
Normal > 1.5, abnormal < 1.5 

b. Autonomic dysfunction / depressed baroreceptor reflex 
i. Excessive fall BP phase II  no SNS response to ↓ MAP 

ii. Absence overshoot, bradycardia phase IV  no SNS to ↑ MAP 
c. Congestive cardiac failure 

i. Square wave response 
ii. Ongoing ↑MAP phase II  prolonged emptying of pulmonary veins  ↑ VR L 

side  ↑ MAP 
d. Beta-blockade: 

i. Depressed tachycardic response phase II  less ↑MAP response 
ii. Upon release, HR depressed so  Smaller overshoot phase IV 

e. Alpha-blockade: 
i. Depressed MAP in phase II inability to vasoconstrict 

ii. ↑↑ HR end phase II  ↑ overshoot phase IV 
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Physiol-07B9 Describe the cardiovascular response to central neural blockade 

 
1. Central neural blockade is achieved by subarachnoid or epidural anaesthesia by local 

anaesthesia (bupivacaine, ropivacaine) and/or opioids (fentanyl, morphine). As the sympathetic 
pre-ganglionic fibres lie in the thoraco-lumbar spinal cord, blockages of the cord will alter 
vasomotor tone and cardiovascular function normally under strict regulation by the SNS.  

 
2. Response: ↓ blood pressure +/- heart rate/contractility depending on the level of 

sympathectomy. 
a. Anaesthetics block β-preganglionic sympathetic fibres 
b. Inhibition: 

i. α1  GPCR  ↑PKC  ↑IP3/DAG  ↑ Ca  vaso and venoconstriction 
ii. β1  ↑cAMP  ↑ renin release from kidney  vaso/venoconstriction 

iii. β2  ↑cAMP  ↓ Ca  vasodilate (liver, skeletal muscle) 
c. Result: 

i. Vasodilation  ↓ afterload 
ii. Venodilation  venous pooling  ↓ preload (greater effect as 75% blood pools 

in venous circulation) 
 

3. Level of block:  
Sympathetic outflow – comes from vasomotor centre in medulla (RVLM)  preganglionic 
sympathetic fibres which run in columns in the SC from T1-L3.  
T1-4:  Vasomotor to aorta, and sympathetic outflow to cardiac 
T5-L3: Vasomotor to abdominal organs, peripheral muscles, renal plexus, lower limbs 

a. Sacral:  
i. No sympathetic chain blockade  minimal effect on tone, BP 

b. Low thoracic/renal 
i. ↓SVR  

ii. intact renal plexus  activate RAS  ↓ GFR  preservation of BP 
c. Mid thoracic 

i. ↓ SVR 
ii. No compensatory activation of RAS 

iii. Preserved baro-receptor reflex  ↑ HR, contractility  mildly ↓ MAP 
d. Brain-stem/High thoracic: blocks vasomotor tone 

i. Inhibit cardiac sympathetic compensation  profound ↓ MAP 
ii. Unopposed vagal tone, hypotension  contribute to cardiac arrest. 

 
4. Compensatory mechanisms 

a. High pressure afferents – baroreceptors in the aortic arch and carotid sinus ↓ stretch  
vagus/glossopharyngeal  ↓ activation of NTS  ↓ inhibition of vasomotor centre 
(RVLM)  ↑ sympathetic outflow, ↓ parasympathetic outflow 

i.  ↑ SNS: ↑ HR, contractility, ↑ vasomotor tone (if above the level of blockade), 
mobilise blood reservoirs 

ii. ↑ RAS: β1 stimulation  ↑ renin  ↑ Ang II  vaso and venoconstriction 
iii. ↑ ADH from post-pituitary  ↑ water absorption from DCT, direct 

vasoconstriction 
b. Low pressure afferents: baroreceptors in atria, great veins  ↓ stretch  ↓ ANP  ↓ 

inhibition of ADH, ↓ natriuresis. and diuresis 
c. Juxtaglomerular reflex: hypotension  ↓ GFR  ↓ flow through DCT  ↓ 

reabsorption at macula densa  activate JG cells  ↑ renin  ↑ ang II 
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5. Treatment: 

a. Fluids 
b. Position 

i. head down / supine 
ii. displace uterus left if pregnant (reduces venous obstruction) 

c. Drugs: Pressors – adrenaline, phenylepherine; Atropine 
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Physiol-06A9 Outline the systemic cardiovascular response to exercise 

 
1. Exercise is voluntary activity associated with extensive changes in the cardiovascular system to 

meet the demands of O2 supply and CO2 removal, heat and metabolites from working muscles. 
The heart acts as a demand pump, and the cardiovascular system responds by directing blood 
flow from the heart, to areas of ↑ demand. There are 4 mechanisms of controlled response: 
local, neural, hormonal and mechanical. 

 
2. Cardiovascular parameters of exercise: 

 
Parameter Response Reason 

HR 70  200bpm (x3) ↑ SNS, ↓PNS 

SV 70  130mls (x2) ↑ VR (preload), ↑ contractility (SNS), ↓ SVR afterload) 

SVR Isotonic: ↓ 
Isometric: ↑ 

Peripheral vasodilatation 
Muscle contraction constricts vessels 

CO 5  20-30L/min (x6) CO = SV x HR 

MAP Isotonic: slight ↑ 
Isometric: ↑↑ 

↑ blood flow, measured by ↓ resistance  ↑ SBP, same DBP 
↑ SVR, with ↑ CO  ↑SBP, DBP, MAP 

O2 cons 250mL  10L/min Local HbO2 shift right 
↑ demand by myocytes  consumption of O2, ATP, creatine 
reserves (O2 deficit) 

Skeletal BF 1L  20L/min Local metabolites  vasodilatation 

Cardiac BF 250  1L/min Local metabolites  vasodilatation 

Sphlancnic BF 1.5L  300mL SNS / adrenergic vasoconstriction 

 
3. Local response: 

a. Skeletal muscles, cardiac muscle  ↑ metabolites  ↓O2, ↑ CO2, H+, adenosine, K, 
lactate  direct vasodilatation  ↓ resistance  ↑ blood flow 
Sphlancnic, renal circulations not working  no response 
Skin  heat from exercise  vasodilatation, open AV-fistulae  heat loss 

b. ↑CO2, H, 2,3 DPG  shifts HbO2 curve right  favours unloading of O2 and 
increased extraction 
 

4. Neural response: 
a. Sensors (cortex, mechanoreceptors, chemoreceptors)  controller (vasomotor 

centre)  effectors (↑ SNS, ↓ PNS): 
i. Heart - ↑ HR, ↑ contractility, ↑ SV 

ii. Resistance vessels  β2  vasodilatation heart, skeletal vessels 
iii. Capacitance vessels  α1  venoconstriction  ↑ VR  ↑ SV 
iv. Renal, sphlancnic  α1  vasoconstriction 

 
5. Hormonal response: ↑ noradrenaline release from adrenal gland  

a. β2  vasodilatation  
b. β1  renal vasoconstriction  ↓ renal BF  divert blood to muscles 

 
6. Mechanical response: 

a. Skeletal muscle pump  alternating contraction, relaxation of skeletal muscle  
pumps blood through veins (one-way valves)  ↑ venous return 

b. Thoracic pump  alternating inspiration (↓ IT pressure), expiration  ↑ venous 
return 

http://www.anaesthesiamcq.com/wiki/mcqwiki/index.php/Physiol-06A9


 Dr Matthew Ho 
BSc(Med) MBBS(Hons) FANZCA 

 
c. Isometric  sustained muscle contraction  impedance of skeletal muscle flow  

↑↑ HR/SBP/DBP/MAP.  



 Dr Matthew Ho 
BSc(Med) MBBS(Hons) FANZCA 

 
Physiol-05A14/98B2/94B1 Describe the compensatory mechanisms in a fit person moving from the 
supine to the standing position. 

 
1. The cardiovascular circulation acts as a column of fluid subject to the effects of gravity 

 
2. Effect of supine  standing: 

a. ↓ MAP: standing  ↑ hydrostatic pressure blood at feet, ↓ hydrostatic pressure at 
head  pooling of blood in distal limb veins  ↓ VR  ↓ SV (40%, by Starling 
mechanism)  ↓ CO  ↓ MAP. This occurs immediately 

b. ↓ MAP brain:  
i. Brain 30cm above head 

ii. ↓ MAP 30cm H20  ↓ MAP 22mmHg  MAP 90  68mmHg  ↓ CPP 
(MAP-ICP/CVP)  ↓ CBF  cerebral ischaemia / fainting if no 
compensation 

 
3. Compensatory mechanisms: the aims of compensation are to maintain/correct MAP and CBF. 

a. Maintain MAP: 
i. Baroreceptor reflex: ↓ MAP  ↓ stretch arterial baroreceptors  ↓ 

inhibition SNS, ↓ activation PNS (at vasomotor centre, medulla)  ↑ SNS, 
↓ PNS  

1. Heart: ↑ HR, ↑ contractility 
2. Resistance vessels  vasoconstrict  ↑ SVR (greater effect) 
3. Capacitance vessels  vasoconstrict  ↑ VR (lesser effect) 

ii. Muscle pump / venous valves: 
1. Movement of leg + thoracic muscles encourages 

constriction/dilatation veins  forward flow of blood in veins (due 
to one-way valves)  ↑ VR 

Overall, these mechanisms correct MAP in a few seconds 
 

b. Maintain CBF (to prevent fainting) 

𝐂𝐁𝐅 =  
𝐂𝐏𝐏

𝐂𝐕𝐑
 

i. ↓CVR: helps maintain CBF in MAP pressure range 60-140mmHg 
 
 

1. Metabolic autoregulation: ↓ CPP  ↓CBF  build up of 
metabolites as supply < demand  ↑pCO2, acidosis, K, adenosine 
 vasodilatation  ↓ CVR  ↑ CBF (flow-metabolism coupling) 

2. Local autoregulation: myogenic theory  ↓ CBF  ↓ stretch on 
cerebral vessels  dilatation  ↓ CVR  ↑ CBF 

ii. ↑ CPP: CPP = MAP-ICP/CVP  
1. CVP – venous system also a column of fluid, and standing helps 

empty blood into RA  ↓ CVP 5-8mmHg  helps minimise drop in 
CPP 

2. ICP – the cranium is fixed in volume (Munro-Kellie doctrine) and CSF 
can buffer changes in MAP. Standing  CSF drains into spinal space 
 ↓ ICP  helps minimise drop in CPP 
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Regional Circulations  

Physiol-10B10/97A8 List the determinants of coronary artery blood flow. Briefly compare phasic 
coronary blood flow in the left and right coronary arteries. 

 
1. Coronary blood flow:  

a. The blood supply to the heart comes from the coronary arteries, which lead off from the 
aortic roots (right and left)  right and left coronary arteries  drain into coronary 
sinus (RA) and thebesian veins (L atrium). 

b. Normal CBF = 250mL/min = 5% cardiac output 
c. CBF = CPP/Resistance (analogous to Ohm’s Law) 

 
2. AORTIC PRESSURE, L CORONARY AND R CORONARY FLOW vs. TIME 

 
 

3. Coronary perfusion pressure 
 

CPP = Aortic diastolic pressure (Aortic root pressure) – LV diastolic pressure (or RAP) 

 
a. Starling resistor mechanism: the driving pressure in the coronary arteries is dependent 

on the difference between aortic root pressure and opposing pressure.  
b. Left vs. Right circulations 

Pressures (mmHg) Left Right 

Aortic Systolic Pressure 120 120 

Aortic diastolic pressure 80 80 

Opposing Pressure systole 120 25 

Opposing pressure diastole 5 5 

CPP systole 0 95 

CPP diastole 75 75 

 
c. Phasic flow: 

i. The LV pressure exerts a compression force on the coronary arteries during 
systole, which limits (and sometimes stops) blood flow via the Starling resistor 
mechanism.  
The LV transmitted pressure is greatest in the sub-endocardial vessels and hence 
flow in these vessels stops for period during systole. In epicardial vessels (which 
contain the main arteries), LV pressure is dissipated, and flow occurs in systole 
at a reduced rate. 

ii. The RV pressure exerts a lesser pressure resistance to flow and hence blood flow 
is less sporadic, but still pulsatile in nature. 

iii. Thus, most flow occurs during diastole and hence perfusion is rate dependent - 
↑ HR  relative ↓ flow.  

iv. The overall estimation of coronary perfusion is made with Aortic diastolic 
pressure because LV diastolic/RV diastolic pressures are very low (and can be 
eliminated from the equation) and most flow occurs during diastole. The LV 
receives more blood than the RV by virtue of increased muscle mass. 

 
4. Coronary vascular resistance – the heart is different from most other organs in that is has a very 

high extraction ratio – CvO2=5mL O2/dL and CMO2 = 55-65%. Because there is not much O2 
reserve for periods of ↑ O2 demand, the flow must ↑ so that O2 supply can meet demand. 
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Coronary flow and regulation is carried out by changing the coronary vascular resistance 
whereby: Q = CPP/R, and R = 8nL/∏r4.  

a. Local metabolic: ↑ demand  ↑ production of metabolites (↓O2, CO2, ↓pH, K, 
adenosine, NO, lactate)  direct chemical vasodilatation. This is the most important 
factor in controlling vessel size. 

b. Local myogenic: 
i. ↑ MAP  reflex constriction 

ii. ↓ MAP  reflex dilatation 
c. Autonomic:  

i. SNS: vasoconstriction via α1, vasodilatation by β2  overall effect is 
vasodilatation but this can be blocked by β-blockers 

ii. PNS: vasodilatation via M2 receptors 
iii. The overall autonomic effect on vessel resistance is small and largely overcome 

by the stronger metabolic effects 
d. Starling resistor mechanism: extrinsic compression of vessels increases resistance (As 

above) 
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Physiol-02B11 Outline the factors that determine coronary vascular resistance. 

 
1. Coronary blood flow:  

a. The blood supply to the heart comes from the coronary arteries, which lead off from 
the aortic roots (right and left)  right and left coronary arteries  drain into 
coronary sinus (RA) and thebesian veins (L atria). 

b. Normal CBF = 250mL/min = 5% cardiac output 
 

𝐂𝐁𝐅 =  
𝐂𝐏𝐏

𝐑
 

 
2. Coronary vascular resistance –  

a. O2 extraction the heart is different from most other organs in that is has a very high 
extraction ratio – CvO2=5mL O2/dL and CMO2 = 55-65%.  

b. Autoregulation - Because there is not much O2 reserve for periods of ↑ O2 demand, 
the flow must ↑ so that O2 supply can meet demand. Coronary flow and regulation 
is carried out by changing the coronary vascular resistance whereby:  

𝐑 =  
𝐂𝐏𝐏

𝐐
 𝐚𝐧𝐝 𝐑 =  

𝟖𝛈𝐋

𝛑𝐫𝟒
 

 
3. Radius 

a. Local metabolic: ↑ demand  ↑ production of metabolites (↓O2, CO2, ↓pH, K, 
adenosine, lactate)  release of vasodilatory chemical substances  direct 
chemical vasodilatation. This is the most important factor in controlling vessel size. 

b. Local myogenic: maintains autoregulation across a range of pressures 
i. ↑ MAP  reflex constriction 

ii. ↓ MAP  reflex dilatation 
c. Autonomic:  

i. SNS: vasoconstriction via α1, vasodilatation by β2  overall effect is 
vasodilatation but this can be blocked by β-blockers 

ii. PNS: vasodilatation via M2 receptors 
iii. The overall autonomic effect on vessel resistance is small and largely 

overcome by the stronger metabolic effects 
d. Extrinsic compression: 

i. Starling resistor mechanism 
ii. Intraventricular pressure  compresses vessels from outside  ↓ radius  

↑ resistance 
iii. IV pressure is transmitted from the inside of the myocardial wall out, hence 

the resistor is most marked in the subendocardium, and least in the 
epicardium. 

iv. Right vs. Left: the higher L intraventricular pressures (120mmHg) compared 
to the right (25mmHg) mean that in some subendocardial vessels, the flow is 
markedly reduced or ceased due to Starling resistor compression of vessels. 
Hence resistance is increased in systole  ↓ relative flow. In all coronary 
vessels (L > R) the flow/resistance is rate dependent, whereby tachycardia 
 ↓ diastolic time  ↓ relative blood flow.  

 

4. Viscosity:  
a. ↑ viscosity (polycythaemia, hypothermia)  ↑ resistance 
b. ↓ viscosity (anaemia)  resistance 
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Physiol-03B9/95A4 The heart rate of a healthy 20 yr old goes from 55bpm to 130 bpm after receiving 
atropine IV. Describe the effects of tachycardia on myocardial O2 supply and demand in a normal 
heart.  

 
1. Coronary blood flow  

a. The heart is supplied by the left and right coronary arteries which arise from the aortic 
root and drain into the coronary sinus or thebesian veins. 

b. Normal CBF = 250mL/min rest, 8-10mL/100g/min (5% cardiac output) up to 1250mL/min 
exercise. 

c. Tachycardia is HR > 100bpm 
 
2. Autoregulation 

a. The coronary circulation is unique in that is has a high O2 extraction rate of 55-65% 
(normal 25%), resulting in very low O2 conc coronary venous gas (5mL/dL O2, pO2 = 
20mmHg). 

b. This means that in the face of ↑O2 demand (exercise, stress) further O2 extraction is 
limited and increase in O2 supply to tissue must come from ↑ CBF. Hence CBF is the 
main supply of O2 to the heart. 

 
3. Myocardial O2 demand – analogous to myocardial work 

Work = HR x contractility  x myocardial wall tension 
Hence, factors in tachycardia affecting work are: 

a. ↑ HR  direct ↑ work 
b. ↑ HR  ↑ SV (force-frequency relationship of myocardial contractility)  ↑ work 

Overall, tachycardia ↑ myocardial O2 demand which must be met with ↑ O2 supply. 
 

4. Myocardial O2 supply 
 

𝐂𝐁𝐅 =  𝐂𝐏𝐏
𝐂𝐨𝐫𝐨𝐧𝐚𝐫𝐲 𝐫𝐞𝐬𝐢𝐬𝐭𝐚𝐧𝐜𝐞⁄  

 
a. CPP = aortic pressure – opposing ventricular pressure 

i. Starling resistor mechanism – the opposing intraventricular pressure compresses 
the coronary vessels during systole. This has important implications for the CPP 
which drives coronary blood flow. 

 
 

 
 
 

ii. The L ventricle receives much less relative blood flow in systole due to this 
mechanism. It is more marked (and sometimes ceases) in subendocardial vessels 
as intraventricular pressure is transmitted most here. 

iii. The R ventricular CPP are more constant (but still pulsatile in nature) during the 
systolic and diastolic phases of the cycle. 

Pressures (mmHg) Left Right 

Aortic Systolic Pressure 120 120 

Aortic diastolic pressure 80 80 

Opposing Pressure systole 120 25 

Opposing pressure diastole 5 5 

CPP systole 0 95 

CPP diastole 75 75 
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iv. The overall effect of tachycardia is hence to reduce blood flow to the heart, 

especially the left ventricle. This is because as ↑ HR  relative ↓ diastolic time 
 ↓ time for LV perfusion: 

a. HR 72 – sys 0.27, dias 0.53 
b. HR 200 – sys 0.15, dias 0.15 

b. Coronary resistance 
 

𝐑 =  
𝟖𝛈𝐋

𝛑𝐫𝟒
 

 
Change to vessel radius is the main way of controlling blood flow. 

i. Metabolic regulation – tachycardia ↑ myocardial O2 demand (as above)  ↑ 
production of metabolites ↓O2, ↑pCO2, ↓pH, adenosine, lactate, K  release 
of vasoactive substances NO, PGs  direct chemical vasodilatation. This is a 
potent and important effect. 

ii. Autonomic – if tachycardia is associated with SNS output  activation of α1 
(constrict) and β2 (dilate)  overall effect is mild dilatation. But most autonomic 
effects are overcome by the metabolic autoregulation. 

 
5. Summary : 

a. Tachycardia ↑ O2 demand and ↓ diastolic filling time 
b. The autoregulation can usually meet this by ↑ O2 supply (through ↑ CBF) 
c. Rate related ischaemia can occur if compensation mechanisms are overcome. This most 

susceptible areas are the subendocardium of the LV (due to Starling resistor mechanism) 
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Physiol-08A14 Describe the pathways whereby myocardial ischaemia may be experienced as pain in 
the throat or arm regions.  

 
1. Myocardial ischaemia describes the process whereby restriction of blood flow to the 

myocardium results in myocardial cell dysfunctions and/or death. The resultant feeling of pain is 
often labelled ‘angina’ – a crushing, squeezing or burning nature of pain. This pain can be felt in: 
Chest, Arms, Throat, Neck, lower jaw. 

 
2. Pathways: 

a. Stimulation of cardiac nociceptors: 
i. The myocardium contains chemosensitive/mechanosensitive receptors which 

respond to a metabolic stimuli resulting from ischaemia. The presence of 
specific nociceptors for ischaemic pain is debatable  –  

1. Chemical - lactate, acidosis, K, serotonin, bradykinin, histamine. The 
main stimulus for angina is adenosine. Adenosine  stimulates A1 GPCR 
 ↓cAMP 

2. Mechanical – distension or distortion of myocardial cells 

 

b. Afferent nociception: these nociceptors are associated with sympathetic or vagal 
afferents via fast pain fibres (type Aδ) and slow pain fibres (type C) 

i. Sympathetic afferents are the primary mediators of cardiac nociception. The 
fibres travel along the cardiac sympathetic nerve, which enter the sympathetic 
ganglia from C7-T4. After synapse, they then travel in the ascending spinal 
thalamic pain tracts, converging with other somatic pain pathways from the 
same dermatomes. 

ii. Vagal and phrenic afferents are secondary mediators of cardiac nociception. The 
fibres from the inferior heart travel along the vagal and phrenic afferent nerves, 
entering DRG C3-5. After synapse, they travel in ascending spinothalamic tract, 
converging with other somatic pain pathways from the same dermatomes.  

c. Spinothalamic tract (crosses midline)  thalamus (VPL, VPM, VPI)  cerebral cortex 
(conscious sensation of pain) 
 

3. Referred pain of angina. 
a. Convergence: Angina is often ‘referred’ to other regions of the body because fibres 

supplying the heart converge with somatic fibres supplying other nerve roots (C1-2, 
vagal, C3-5 phrenic), (C7-T4 sympathetic). This is referred to as convergence. 

b. Chest pain: the majority of sympathetic fibres converge and end on T1-T5, which supply 
dermatomes overlying the chest. Hence most chest pain is felt in the chest. 

c. Poor localisation: the number of afferents entering the SC is much less compared to 
somatic afferent numbers, and hence pain is often poorly localised and diffuse in nature. 

d. Embryological derivation: the heart and its associated pain fibres are derived from the 
same embryological region. Hence, cell bodies of neurons in specific DRG innervate 
afferents from several different regions: 

a. C1-2: neck and occiput 
b. C3-5:neck, shoulder 
c. C7-T1: arm 
d. T1-4: chest 
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Physiol-08A9 The skin, the kidneys, and the carotid bodies are examples of where specific organ 
blood flow is far in excess of that organ's metabolic requirements. For each example, explain what 
the physiological role of the high organ blood flow is, why this high flow is an advantage to the 
person and a brief description of the mechanisms involved.  

 
 Skin Kidney Carotid Body 

Blood flow 500mL/min 1250mL/min 750mL/min 

% CO 10 25 15 

O2 consum 10 18  

% O2 consum 5 8  

Role Thermoregulation – heat 
conservation in cold, and 
heat loss in warmth 
 

Filtration, reabsorption, 
secretion of waste products 
and water / electrolyte 
homeostasis. 

Control respiration in response 
to hypoxia, hypercapnoea, and 
acidosis. 
Responds to pO2, pCO2 

Advantage Normothermia important 
for normal cell and enzyme 
function. 
Maintaining temperature 
within thermoneutral zone 
minimises metabolic rate 
and O2 consumption 

Maintenance of normal 
internal environment 
 
Able to filter, excrete 
substances/drugs which are 
present only in very small 
concentrations. 

High flow and low O2 
requirements mean O2 
extraction does not interfere 
with arterial pO2 readings. 
Enables sensitive and early 
detection hypoxia. 

Anatomy Superficial arteriole network 
 AV anastamosis 
Deep venous plexus  
capacitance system 
SNS control  α1 
vasoconstriction 

Short, large diameter renal 
arteries 
Parallel interlobular arteries 
Parallel afferent arterioles 

Specialised glomus type I cells 
are chemoreceptors which lie 
in the bifurcation of common 
carotid artery.  
Glomus type II are supporting 
cells 

Mechanism Heat  anterior 
hypothalamic response  
↓ SNS  vasodilate  ↓ 
PVR  open AV 
anastamosis  ↑ skin flow 
x 30  heat loss by 
conduction, convection, 
radiation. 
 
Heat   ↑ SNS  
cholinergic activation sweat 
glands  heat loss by 
evaporation 
 
Cold  post hypothalamus 
 ↑ SNS  
vasoconstriction, 
piloerection, ↓ sweating 

Renal blood flow filtered  
plasma ultrafiltrate. 
 
Controlled by: 
Autoregulation: 
glomerulotubular feedback, 
tuboglomerular feedback 
Neural factors 
Hormonal factors 
 

Organ size small, receives 
carotid flow over carotid 
artery. 
 
↓O2  activation of EPSPs in 
glomus type I cells  
glossopharyngeal n  resp 
centre medulla  ↑ 
respiration rate and tidal 
volume 

Other 
functions 

Blood reservoir – 1.5L  Hormonal – renin 
Vit D / Ca metabolism 
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Physiol-03A12/99B6/96B4 Explain the mechanisms that maintain cerebral blood flow on moving 
from a supine to a standing position.  

 
1. The brain is a highly active metabolic organ which uses 20% O2 consumption (50mL/min), 

despite being only 5% of the bodies weight. Hence, tight regulation of blood flow is required to 
meet its metabolic demands.  

 
2. Cerebral blood flow: 

 

𝐂𝐁𝐅 =  
𝐂𝐏𝐏

𝐂𝐕𝐑
 𝐰𝐡𝐞𝐫𝐞 𝐂𝐏𝐏 = 𝐌𝐀𝐏 − 𝐈𝐂𝐑 (𝐨𝐫 𝐂𝐕𝐏) 

 
Normally 750mL/min (15% of cardiac output) 
Therefore, factors which ↓ CBF are: ↓MAP, ↑ICP/CVP, ↑ CVR 

 
3. Effect of standing is to ↓ MAP  ↓ CBF 

a. Global effect: the cardiovascular system acts as a column of blood subject to the effects 
of gravity.  
Standing  ↑ hydrostatic pressure feet  ↑ venous pooling  ↓ VR  ↓ SV  ↓ CO 
(40%)  ↓ MAP 

b. Local effect: the brain lies 30cm above heart when upright 
Standing  ↓ Brain MAP 22mmHg  MAP drops 90mmHg  68mmHg  ↓ CPP  
↓CBF 20% 
 

4. Compensatory mechanisms: aim to ↑ CBF through: ↑ CPP or ↓ CVR 
a. ↓ CVR: keeps CBF constant within MAP range 60-140 mmHg 

i. Metabolic autoregulation: initially, ↓ CBF  mismatching of demand and supply 
to parts of brain  release of vasoactive metabolites ↓O2, pH, ↑pCO2, K, 
adenosine  vasodilatation  ↓ CVR  ↑ CBF (important for local > global 
cerebral BF) 

ii. Local autoregulation: myogenic theory where ↓ CBF  ↓ stretch arterioles  
relax  ↓ CVR  ↑ CBF (takes seconds) 

b. ↑ CPP: Munro-Kellie doctrine, whereby loss of volume  ↓ ICP (rapid response in 
seconds) 

i. ↓CVP: gravity  ↑ hydrostatic gradient cerebral veins  RA  ↓ CVP  ↑ 
CPP 

ii. ↓ ICP: gravity  CSF pools in spinal cord  ↓ ICP  ↑ CPP 
 

5. Overall, upon standing, CBF initially ↓ 20%, but is quickly corrected by the above mechanisms in 
seconds to prevent fainting. Fainting can occur in defective response due to: 

a. Sympathetic dysfunction / impaired baroreceptor reflex 
b. Low volume states 
c. Impaired cerebral autoregulation (inhaled anaesthetics) 
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Physiol-03A10/99A6 Describe the factors influencing hepatic blood flow.  

 
1. Liver blood flow is a large proportion of cardiac output, and is usually 1500mL/min (30% cardiac 

output). It is unique for 2 main reasons 
a. Anatomic: receives blood supply from 2 sources: 

i. Hepatic artery:  
1. 300-500mL/min, 25% hepatic flow 
2. Mean pressures 90mmHg (same as MAP) 
3. High resistance, high pressure, high velocity 
4. Abundant sphincters and smooth muscle  Autoregulation mechanisms 
5. Carries arterial blood sat 97% 

ii. Portal vein: 
1. 1000-1200mL/min, 75% hepatic flow 
2. Mean pressure 10mmHg 
3. Low resistance, low pressure, low velocity 
4. Paucity of smooth muscle  No autoregulation 
5. Carries arterial blood sat 85% at rest from sphlancnic organs 

b. Physiological: 
i. High blood flow organ, which shows diffusion rather than flow limitation. 

Therefore, increased demands for O2 are met with increased extraction, rather 
than increased flow. 

ii. Reciprocal relationship between hepatic and portal circulations maintains flow 
relatively stable:  

1. ↓ portal flow  ↑ hepatic flow, vice-versa 
2. Hepatic a can ↑ flow to a ceiling of 50% of total hepatic flow 

 
2. Factors determining hepatic blood flow: 

 

𝐐𝐇𝐀 =  
(𝐌𝐀𝐏 − 𝐇𝐏𝐕)

𝐑𝐇𝐀
 

𝐐𝐏𝐕 =  
(𝐏𝐕𝐏 − 𝐇𝐏𝐕)

𝐑𝐏𝐕
 

 
Thus, the 2 factors controlling blood flow are the driving pressure gradient and the hepatic 
vessel resistance. Only the hepatic arteries have significant ability to change their tone, hence 
flow is altered by resistance and pressure changes. In contrast, the portal vein flow is subject 
purely to pressure factors. 

a. Resistance factors (hepatic artery). R = 8nL/∏r4.  
i. Myogenic: 

1. ↑ hepatic a flow  ↑ stretch  reflex vasoconstriction 
2. ↑ portal v flow  hepatic a vasoconstriction 

ii. Local metabolic: 
1. ↑ tissue demand  ↑ metabolite production (↓O2, ↑CO2, H, K)  

hepatic artery vasodilation  ↑ flow 
iii. Vasoactive: hepatic arterial buffer response 

1. ↓ portal v flow  ↑ adenosine  direct hepatic a vasodilatation 
iv. Neural: 

1. Sympathetic discharge  α1 vasoconstriction of hepatic a and v  ↓ 
sphlancnic v, hepatic a, portal v flow  mobilise blood reservoir of 
500mL (e.g. Exercise, haemorrhage)  
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v. Hormonal: feeding  ↑ hepatic blood flow 

1. Cholecystokinin, glucagon, secretin, VIP  dilate hepatic a 
2. Angiotensin II, ADH  constrict hepatic a 

 
b. Pressure factors (hepatic a and portal v): 

i. Cardiac output: ↑ CO  ↑ MAP  ↑ hepatic and portal flow 
ii. Factors ↑ HPV  ↓ hepatic flow 

1. Cardiac failure 
2. Deep inspiration 
3. PPV 

iii. Drugs:  
1. IV anaesthetics  ↓MAP, hepatic buffer response 
2. Halothane, enflurane  hepatic a vasoconstriction, ↓ hepatic arterial 

buffer response 
3. Spinal anaesthesia  ↓ MAP, ↓ portal flow 


